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Objective: To characterize groups of subjects according to their trajectory of knee pain and function over
1 to 5 years post total knee arthroplasty (TKA).
Methods: Patients from one centre who underwent primary TKA (N ¼ 689) between 2006 and 2008. The
Knee Society Score (KSS) was collected pre-operatively and annually post-operatively. Latent Class
Growth Analysis (LCGA) was used to classify groups of subjects according to their trajectory of knee pain
and function over 1e5 years post-surgery.
Results: LCGA identiﬁed a class of patients with persistent moderate knee pain (22.0%). Predictors (OR, 95%
CI) ofmoderate pain trajectory classmembershipwere pre-surgery SF12mental component summary (MCS)
per 10 points (0.65, 0.54e0.79) and physical component summary (PCS) per 10 points (0.50, 0.33e0.76),
Charlson Comorbidity Index (CCI) one (1.70, 1.07e2.69) and two (2.82, 1.59e4.81) and the absence of
computer-navigation (2.26, 1.09e4.68). LCGA also identiﬁed a class of patients with poor function (23.0%).
Predictors of low function trajectory classmembership were, female sex (3.31,1.95e5.63), advancing age per
10 years (2.27, 1.69e3.02), pre-surgery PCS per 10 points (0.50, 0.33e0.74), obesity (1.69,1.05e2.72), morbid
obesity (3.12, 1.55e6.27) and CCI two (2.50, 1.41e4.42).
Conclusions: Modiﬁable predictors of poor response to TKA included baseline co-morbidity, physical and
mental well-being and obesity. This provides useful information for clinicians in terms of informing
patients of the expected course of longer term outcomes of TKA and for developing prediction algorithms
that identify patients in whom there is a high likelihood of poor surgical response.
© 2015 Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.Introduction
The primary goal of total knee arthroplasty (TKA) for end-stage
arthritis is the restoration of quality of life through the relief of
intractable pain and improvement of limb function. The risk of
immediate post-operative complication1 and suboptimal short
term improvement in pain and function2 are well known. Typically,
the pattern of pain and functional recovery after TKA generally
follows a steep upward trajectory in the ﬁrst three to 6 months
followed by a plateau of improvement between 6 months and 1P.F.M. Choong, Department of
ment of Surgery, St. Vincent's
65, Australia. Tel.: 61-3-9231-
.M. Dowsey), Anne.Smith@
P.F.M. Choong).
lf of Osteoarthritis Research Societyear3. The level of improvement in pain and function tends to peak
within the ﬁrst 12 months, with no substantial gains afterwards4,5.
Important knowledge gaps exist including whether pain and
function outcomes remain constant over time and whether factors
inﬂuencing outcomes within the ﬁrst years, continue to inﬂuence
outcomes of TKA in the longer term.
A current hallmark of TKA surgery is implant longevity with
prosthesis survival rates approaching 95% at 10 years6. Numerous
registries world-wide report the longer term success of TKA based
on implant survival6e8. However, time to revision surgery alone as
an index of TKA success or failure is questionable as it does not
account for the signiﬁcant proportion of patients who report
persistent pain post TKA but are unwilling or unable to undergo
revision surgery, or for whom revision surgery is not indicated9.
While few studies have reported longer term pain and function
outcomes in TKA recipients, the limitations of these studies
include; variations in length of follow-up, as well as high attrition
and low participations rates5,10e12. Given the increasing longevityy International.
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over time would seem critical for counselling patients about the
likely course of longer term pain and function. In this study we
sought to characterize groups of subjects according to their tra-
jectory of knee pain and function over 1 to 5 years post-surgery and
to determine whether risk factors commonly associated with
unfavourable outcomes at 1 year post-surgery continue to inﬂu-
ence the longer term outcome of TKA.
Methods
Study institution and patients
This study was conducted at St. Vincent's Hospital (SVH), in
Melbourne, Australia. All patients admitted to SVH who underwent
primary TKA between 1 January 2006 and 31 December 2008 were
considered eligible for enrolment into the study.
Data collection
Data was extracted from the St. Vincent's Melbourne Arthro-
plasty Outcomes (SMART) Registry. SMART is a clinical registry
based at SVH that houses clinical and patient reported outcome
data, in all patients who undergo elective lower limb arthroplasty
at the study institution. Registry data collection commenced in
1998 and has captured outcomes in nearly 10,000 procedures in
over 8000 patients to date. Baseline data is prospectively collected
and includes patient demographics, diagnoses, and self-reported
co-morbidities. Follow-up captures an extensive range of out-
comes, including surgery and prosthesis related variables.
Patients complete a condition-speciﬁc questionnaire (Knee So-
ciety Score e KSS)13 and general health questionnaire (Short Form
Health Survey e SF-12)14 within 12 weeks prior to surgery and
annually post-operatively. Patients complete questionnaires at
each scheduled follow-up appointment and additional mail-outs
are sent to non-attenders followed by a phone call 4 weeks later
for any incomplete data or missing surveys. Data entry and ques-
tionnaire follow-up is completed by a dedicated Registry Co-
ordinator, who was not involved in the study. Mortality data is
checked against data from the Registrars of Births, Deaths and
Marriages via the Australian Orthopaedic Association (AOA) Na-
tional Joint Replacement Registry6. The SMART Registry has been
approved by the Human Research Ethics Committee of St. Vincent's
Hospital Melbourne, (HREC-A 100/14) and informed consent is
currently obtained prior to entry onto the Registry.
Measurements
Baseline and annual pain (KPS) and function (KFS) scores were
derived from the KSS15,16, which rates pain as follows; none (50),
mild occasional (45) mild on stairs (40), mild on walking (30),
moderate occasional (20), moderate continual (10) and severe pain
as (0) points. KFS assesses walking, stair ability and use of walking
aids and ranges for 0 to 100 with a higher score indicating better
function. The baseline physical (PCS) and mental (MCS) component
scores were determined from the SF-1217. Kellgren and Lawrence
(KeL) grading (0e4) was obtained from the pre-operative AP
antero-posterior lateral or skyline views and long-leg radiographs
takenwithin 6months of surgery, using standardized protocols18,19.
Predictors of interest
Baseline demographic and patient characteristics included; age,
gender, and body mass index (BMI) which was used to classify pa-
tients as non-obese (BMI <30 kg/m2), obese (BMI30e40 kg/m2)and morbidly obese (BMI 40 kg/m2). The Charlson Co-morbidity
Index (CCI)20 and American Anaesthesiologist (ASA) Physical Sta-
tus Classiﬁcation (1e4)21 were used as co-morbidity measures and
smoking status was also recorded. Socio-economic index for areas
(SEIFA) scores (1e10) were used as a measure of socio-economic
status22 and a geographic accessibility index (ARIAþ) that reﬂects
rurality23. Surgical variables included; prior contralateral TKA, pa-
tella resurfacing, prosthesis stability type, and whether the proce-
dure was performed using computer navigation.
Surgery
All patients underwent a fully cemented non-constrained pri-
mary TKA. Procedures were performed by a team of surgeons using
implants purchased from four manufacturers. Individual surgeons
did not alter their manufacturer or implant types during the study
time frame, two surgeons routinely used computer-navigation and
no simultaneous bilateral TKA's were performed.
Inclusion criteria
This study included all patients who had surgery between the
start of 2006 and end of 2008 and all patients were followed for 5
years. Individuals were excluded from analysis if they underwent
an early revision and therefore did not have follow-up pain and
function data from their index procedure and if deceased in the ﬁrst
2 years of follow-up. For those subjects who were deceased after 2
years, only follow-ups more than 1 year prior to death were
included in the analysis. To minimise excluding individuals but
ensure we used data based on a single arthroplasty, only the most
recently performed TKA was included in the analyses for patients
who underwent staged bilateral knee arthroplasty during the study
time frame. Prior contra-lateral TKA was included as a variable to
account for any potential confounding related to different recovery
patterns for unilateral and bilateral TKA.
Statistical analyses
Latent class trajectory analysis
Latent Class Growth Analysis (LCGA) was used to classify groups
of subjects according to their trajectory of (1) KPS and (2) KFS over 1
to 5 years post-surgery. This procedure uses ﬁnite mixture models
to estimate discrete groups of trajectory parameters estimated
using maximum likelihood.
Modelling procedure to identify trajectories of knee pain and
function
The indicator variable KPS was speciﬁed as ordinal in the latent
class analysis, while the indicator variable KFS was speciﬁed as
continuous. Year was speciﬁed as a nominal predictor which allows
the estimated time trend over the ﬁve time points to take on any
pattern; with separate distinct time trends identiﬁed for each class.
Baseline KPS or KFS was treated as class independent predictor in
KPS and KFS models respectively, meaning that the latent class
estimates are made from the change in KPS and KFS from baseline,
thus accounting for baseline status.
A series of models with 1e6 classes were estimated, using 200
random starts and 100 iterations per set of start values to avoid local
rather than global latent class solutions. As there are no deﬁnitive
decision criteria for the optimal number of classes, the decision as to
the optimum solution was based upon a combination of statistical
criteria, parsimony and interpretability24 The following were
considered: (1) theminimumvalues of the goodness of ﬁt measures
Bayes Information criteria (BIC), Akaike's information criteria (AIC)
and the Consistent AIC (CAIC) as indicators of the optimal number of
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of the proportion of random starts converging on the same solu-
tion24 (3) bootstrapped P-value for the log-likelihood difference
between models where differences in BIC and AIC were similar (4)
the degree to which the trajectory classes identiﬁed captured
distinct and important patterns in the data (5) the quality of the
model in terms of posterior probability diagnostics, namely the
entropy R2 value, average posterior probability for each trajectory
class, odds of correct classiﬁcation and classiﬁcation error.
Model validity was tested by replicating the latent class solution
by random split-half sampling. Subjects were assigned to the tra-
jectory class for which they had the highest posterior probability of
membership. Univariable multinomial logistic regression with
cases weighted according to their probability of class membership
was used to evaluate the presence of signiﬁcant differences in
proﬁles of variables of interest between trajectory classes. To
determine independent predictors of the trajectory class mem-
bership of interest, two binary logistic regression models with class
membership as the dependent variable were conducted weighted
by probability of class membership. The ﬁrst model included those
variables identiﬁed as potentially important discriminators of class
membership in univariable binary logistic analyses (those dis-
playing associations at P < .10). The second model included vari-
ables identiﬁed as potentially important discriminators of class
membership in the ﬁrst binary logistic regression model (P < .10).
Analyses were performed using LatentGold Version 4.5 (Statis-
tical Innovations Inc, Belmont MA USA) and STATA Version 13.0
(StataCorp, College Station, TX, USA).
Results
Study population
There were 894 primary TKA's performed in 807 patients, of
which 118 cases were excluded based on criteria (see Methods)
concerning death (n¼ 19), revision (n¼ 12), or bilateral procedures
(n ¼ 87) as deﬁned above. Therefore, 689 subjects were eligible for
5 year follow-up of which 560 (81.2%) had data for all 5 years. Of the
remaining 108 knees, 33 (4.8%) were missing one, 39 (5.7%) were
missing two, 34 (4.9%) were missing three and 23 (3.3%) were
missing four time points.
KPS trajectory classes
Table I displays the ﬁt statistics BIC, AIC and CAIC for the 1- to 6-
class KPS trajectory models. From these statistics it appeared the 5
class model would represent the most parsimonious model, but
models with 3e5 classes were further investigated as on graphical
examination the BIC began to level out at the 3-class solution.Table I
Measures of model ﬁt and classiﬁcation accuracy for 1 to 6 class models of trajectories o
No of classes KS Knee Pain Scores
No of
parameters
BIC(LL)* AIC(LL)* CAIC(LL)* Classiﬁcation
errory
Entropy
1 11 10,879 10,830 10,890 NA NA
2 22 10,108 10,008 10,130 .07 .76
3 33 9831 9681 9864 .10 .76
4 44 9766 9566 9810 .14 .73
5 55 9736 9487 9791 .16 .73
6 66 9745 9446 9811 .20 .70
* Adjusts the LL value for the number of parameters in the model, thus accounting for
y Classiﬁcation error indicates the proportion of cases that are estimated to be misclass
probability, with values closer to 0 desirable.
z Entropy R-squared value indicates how well class membership can be predicted basAs the primary interest was the identiﬁcation and exploration
of groups of people with trajectories of troublesome knee pain,
with distinctions between higher scoring groups being of less
interest, the 3-class model was tentatively chosen as the most
parsimonious solution for further evaluation of classiﬁcation ac-
curacy and posterior probability diagnostics. For this 3-class so-
lution, the mean (SD) probability of membership was .92(.12) for
C1, .88(.15) for C2 and .90 (.14) for C3, well over recommended
minimum for model adequacy of .725. Classiﬁcation statistics of
the 3-class solution were acceptable with an estimated proportion
of classiﬁcation errors of .10 and entropy R2 of .76. The odds of
correct classiﬁcation were 22.3, 8.9 and 33.4 for C1, C2 and C3
respectively. Larger measures indicate better assignment accuracy,
and a minimum value of 5 has been suggested to represent high
assignment accuracy25. As the 3-class model demonstrated
acceptable class separation and homogeneity according to these
diagnostics, this solution was conﬁrmed as optimal (Fig. 1). Split-
half sampling resulted in similar estimates of trajectory classes
and proportions in each sub-sample.
Based upon the proﬁle of KPS over the 5 year period, classes
were named as follows; “No Pain” (C1: 33.1% of the sample) “Mild
Pain” (C2: 45.4%) and “Moderate Pain” (C3: 21.5%). For further
analysis, participants were allocated to the class for which they had
the maximum posterior probability of membership. The median
and interquartile range of the KPS at each time-point for each of the
trajectory classes are provided in the supplementary ﬁle. The three
KPS trajectory classes were compared across a range of potential
variables of interest (Table II). Variables considered for inclusion in
the initial multivariable model were those that displayed P-values
of <.10 in univariable binary logistic models (Table II). These were
sex (P ¼ .079), CCI (P < .001), pre-surgery KPS (P ¼ .073), pre-
surgery KFS (P ¼ .042), pre-surgery SF12 MCS (P < .001) and PCS
(P ¼ .002), KeL grade (P ¼ .049), contralateral TKA (P ¼ .029),
prosthesis stability type (P ¼ .019), patellar resurfacing (P ¼ .073)
and computer-navigated surgery (P ¼ .017). The initial multivari-
able logistic model using variables identiﬁed in univariable logistic
regression to predict membership of the “Moderate Pain” trajectory
class found no evidence of association of patellar resurfacing,
contralateral TKA, pre-surgery KPS, pre-surgery KFS or KeL grade
with this class after adjustment for other covariates (Table III,
Model 1). The ﬁnal model identiﬁed poorer pre-surgery SF12 MCS
and PCS, higher CCI and an absence of computer-navigation at
surgery to be independent risk factors for membership of the
“Moderate Pain” trajectory class (Table III, Model 2).
KFS trajectory classes
Table I displays the ﬁt statistics BIC, AIC and CAIC for the 1- to
6-class KFS trajectory models. Although the 6-class model gave thef KS Knee Pain and KS Knee Function Scores
KS Knee Function Scores
R2z No of
parameters
BIC(LL)* AIC(LL)* CAIC(LL)* Classiﬁcation
errory
Entropy R2z
7 29,110 29,079 29,117 NA NA
14 28,029 27,966 28,043 .05 .61
21 27,534 27,439 27,555 .08 .72
28 27,390 27,263 27,418 .10 .73
35 27,320 27,161 27,355 .12 .75
42 27,123 26,933 27,165 .08 .72
model parsimony, with a lower value indicating a more preferable model.
iﬁed when cases are classiﬁed to the class for which they have the highest posterior






























KFS: 3 class model (Mean [95%CI])
Fig. 1. KPS and KFS trajectory proﬁles and population prevalence estimates for 3-class
solution.
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were achieved up to the 3-class model and all measures began
level out at the 3 class solution. For this 3-class solution, the mean
(SD) probability of membership was .94(.11) for C1, .92(.13) for C2
and .91(.14) for C3, well over recommended minimum for model
adequacy of 0.725. Classiﬁcation statistics of the 3-class solution
were acceptable with an estimated proportion of classiﬁcation
errors of .08 and entropy R2 of .72. The odds of correct classiﬁca-
tion were 53.6, 9.8 and 36.3 for C1, C2 and C3 respectively. As the
3-class model demonstrated acceptable class separation and ho-
mogeneity according to these diagnostics, this solution was
conﬁrmed as optimal (Fig. 1). Split-half sampling resulted in
similar estimates of trajectory classes and proportions in each sub-
sample.
Based upon the proﬁle of KFS over the 5 year period, classes
were named as follows; “High” (C1: 23.8% of the sample) “Mod-
erate” (C2: 54.6%) and “Low” (C3: 21.6%). For further analysis,
participants were allocated to the class for which they had the
maximum posterior probability of membership. The mean (SD) of
the KFS at each time-point for each of the trajectory classes are
provided in the Supplementary ﬁle. The three KFS trajectory
classes were compared across a range of potential variables of
interest (Table IV). Variables considered for inclusion in the initial
multivariable model were those that displayed P-values of <.10 in
univariable binary logistic models (Table IV). These were sex(P < .001), age (P < .001), obesity category (P ¼ .011), ASA score
(P ¼ .046), CCI (P ¼ .002), pre-surgery KFS (P ¼ .001), pre-surgery
SF12 PCS (P < .001), rural residence (P ¼ .088) and prosthesis
stability type (P ¼ .057). The initial multivariable logistic model to
predict membership of the “Low” KFS trajectory class found no
evidence of pre-surgery KFS, ASA score or rural residence with this
class after adjustment for other covariates (Table V, Model 1). The
ﬁnal model identiﬁed female sex, increasing age, poorer pre-
surgery SF12 PCS scores, higher obesity levels and CCI to be in-
dependent risk factors for membership of the “Low” KFS trajectory
class (Table V, Model 2).
There was a signiﬁcant association between membership of the
“Moderate” KPS trajectory class and “Low” KFS trajectory class
(Cramer's V ¼ 0.237, P < .001). Of the 148 participants in the
“Moderate” KPS trajectory class, 9 (6.1%) were in the “High”, 81
(54.7%) in the “Moderate” and 58 (39.2%) in the “Low” KFS trajec-
tory class. Of the 149 participants in the “Low” KFS trajectory class,
29 (19.5%) were in the “No Pain”, 62 (41.6%) in the “Mild” and 58
(38.9%) in the “Moderate” KPS trajectory class. The 58 participants
in both the “Moderate” KPS trajectory class and the “Low” KFS
trajectory class represented 8.4% of all participants.
Discussion
The purpose of this study was to identify and proﬁle patient
groups with persistent knee pain and functional impairment over
time. Latent class analysis was applied to longitudinal data of TKA
recipients, to identify distinct trajectory groups for both KPS and
KFS. Overall patterns over time remained relatively stable for both
knee pain and function irrespective of group membership and no
‘crossing-over’ between groups was observed between 1 and 5
years. While “Moderate Pain” trajectory class displayed a V-shape
with pain scores decreasing than increasing, these are unlikely to
represent meaningful ﬂuctuations in pain. Rather this may be a
function of the coarseness of the KPS, as the mean scores ﬂuctuate
between 10 and 20 which still represent moderate pain over all
time-points.
Prior studies have demonstrated that the majority of pain and
functional improvement occurs within the ﬁrst 3 months of TKA3,26
which generally coincides with the timing of post-surgery reha-
bilitation programmes27,28. Extending rehabilitation beyond the
ﬁrst months post TKA or providing targeted rehabilitation for pa-
tients with persistent pain and poor function beyond 6 months
should therefore be evaluated to determine their potential for
altering group membership and longer term pain and function
trajectories. However to the best of our knowledge there are no
published studies concerning longer-term rehabilitation pro-
grammes post-surgery to date.
Consistent with prior studies, persistent pain of moderate in-
tensity was identiﬁed in 22% and poor function in 23% of our
cohort11,29, with relatively small variations in the course of pain and
function over each time point. There was an association between
membership of pain and function trajectory classes, and while it
may be that some individuals restrict their activity levels to avoid
exacerbating their pain, it is of note that only 59 (8.2%) of all par-
ticipants were classiﬁed in both the “Moderate” pain class and the
“Low” function class. These results suggest that although pain and
function are related, the association is weak and therefore there
may be factors which distinctly associate with persistent pain
rather than low function and vice versa. Indeed, very few of the
variables tested predicted membership of both persistent pain and
low function.
An important ﬁnding of our study was that baseline mental
well-being predicted membership of the “moderate” pain trajec-
tory class. Others have reported associations between persistent
Table II
KPS trajectory class proﬁles across predictors of interest
Variable Overall (N ¼ 689) C1: No Pain (N ¼ 228) C2: Mild Pain (N ¼ 313) C3: Moderate Pain, (N ¼ 148) P-value*
Female sex, [N (%)] 466 (67.6%) 136 (59.7%) 221 (70.6%) 109 (73.7%) .079
Age, [mean (SD)] 70.5 (8.7) 71.2 (8.7) 70.4 (8.4) 69.5 (9.3) .130
Obesity category, [N (%)] .282
BMI <30 kg/m2 261 (37.9%) 90 (39.5%) 123 (39.3%) 48 (32.4%)
BMI 30e<40 kg/m2 354 (51.4%) 112 (49.1%) 158 (50.5%) 84 (56.8%)
BMI 40 kg/m2 74 (10.7%) 26 (11.4%) 32 (10.2%) 16 (10.8%)
ASA score (3), [N (%)] 285 (41.4%) 88 (38.6%) 136 (43.5%) 61 (41.2%) .967
Charlson Comorbidity, [N (%)]
0 371 (53.9%) 131 (57.5%) 182 (58.2%) 58 (39.2%) <.001
1 213 (30.9) 72 (31.6%) 89 (28.4%) 52 (35.1%)
2 105 (15.2%) 25 (11.0%) 42 (13.4) 38 (25.7%)
Smoker, [N (%)] .873
No 496 (72%) 161 (70.6%) 230 (73.5%) 105 (71.0%)
Ex 148 (21.5%) 53 (23.3%) 63 (20.1%) 32 (21.6%)
Current 45 (6.5%) 14 (6.1%) 20 (6.4%) 11 (7.4%)
Aetiology, [N (%)] .382
Osteoarthritis 644 (93.5%) 212 (93.0%) 296 (94.6%) 136 (91.9%)
Rheumatoid arthritis 45 (6.5%) 16 (7.0%) 17 (5.4%) 12 (8.1%)
Pre-surgery KPS, [N (%)] .073
Mild (30e45) 34 (4.9%) 16 (7.0%) 15 (4.8%) 3 (2.0%)
Moderate (10e20) 218 (31.7%) 73 (32.0%) 104 (33.2%) 41 (27.7%)
Severe (0) 437 (63.4%) 139 (61.0%) 194 (62.0%) 104 (70.3%)
Pre-surgery KFS, [mean (SD)] 36.2 (19.5) 37.7 (20.8) 36.6 (18.9) 33.3 (18.7) .042
Pre-surgery MCS, [mean (SD)] 49.3 (11.5) 51.3 (10.8) 49.5 (11.5) 45.8 (12.5) <.001
Pre-surgery PCS, [mean (SD)] 26.8 (6.1) 27.0 (6.4) 27.4 (6.2) 25.4 (5.3) .002
KeL classiﬁcation, [N (%)] .049
2 23 (3.3%) 5 (2.2%) 9 (2.9%) 9 (6.1%)
3 341 (49.6%) 104 (45.8%) 161 (51.4%) 76 (51.3%)
4 324 (47.1%) 118 (52.0%) 142 (45.7%) 63 (42.6%)
SEIFA (1e10), [mean (SD)] 6.4 (2.6) 6.5 (2.4) 6.2 (2.7) 6.4 (2.6) .723
Rural residence, [N (%)] 93 (13.5%) 31 (13.6%) 47 (15.0%) 15 (10.1%) .211
Contralateral TKA, [N (%)] 245 (33.6%) 93 (40.8%) 111 (35.5%) 41 (27.7%) .029
Prosthesis stability, [N (%)] .019
Cruciate retaining 284 (41.2%) 99 (43.4%) 133 (42.5%) 52 (35.1%)
Posterior stabilizing 388 (56.3%) 125 (54.8%) 176 (56.2%) 87 (58.8%)
Ultra congruent 17 (2.5%) 4 (1.8%) 4 (1.3%) 9 (6.1%)
Patellar resurfacing, [N (%)] 206 (29.9%) 80 (35.1%) 92 (29.4%) 34 (23.0%) .073
No-computer navigation, [N (%)] 590 (85.6%) 188 (82.5%) 265 (84.7%) 137 (92.6%) .017
* P-value from binary logistic regression contrasting C3 (Moderate pain) to C1 (No pain) and C2 (Mild pain) combined.
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and depression11. A recent systematic review assessing the effect of
numerous psychological factors on the outcomes of TKA reported
strong evidence for both pre-operative pain catastrophizing and
pre-operative mental well-being as predictors of persistent pain
after TKA30. Cognitive behaviour therapy has been shown to be
effective in the treatment of pain catastrophizing in ﬁbromyalgia
patients31, however evidence for the efﬁcacy of mind-body thera-
pies in improving physiological indices in patients undergoing
surgery remains limited32 and is the subject of future research by
our group33.
Other pre-operative predictors of “moderate pain trajectory
class” included baseline physical well-being and co-morbidity
proﬁle. This is consistent with a study arising from The Mayo
Clinic Total Joint Registry, where-in a higher prevalence of mod-
erate to severe' pain at 2 years in patients with a higher CCI34 was
reported. The authors have postulated that this association may be
due higher post-surgery complications reported in this group34.
The mechanisms driving ongoing pain after TKA in those with
signiﬁcant co-morbidities requires further elucidation. One
exploratory study has highlighted a lack of continuity of care in
patients with co-morbidities who are admitted for surgery and
attributed persistent pain post TKA to complicated health states
that affect the daily lives and recovery rates from surgery35.
When surgery was performed without computer guidance,
there was a near 3-fold increase in odds of membership in the“moderate” pain trajectory class. This contrasts with a recent
systematic review reporting that computer-guidance is of no
proven clinical beneﬁt in TKA36 suggesting that longer term data
may provide more useful information. Prior Randomised
controlled trials (RCT's) have demonstrated that computer-
navigated TKA reduces the number of outliers in the coronal
mechanical axis compared to conventional surgery36. Evidence
supporting a ﬂow on impact on clinical and survival outcomes has
been lacking and this has largely been attributed to insufﬁcient
sample size26,36. We have demonstrated that accurate mechanical
alignment resulted in better knee pain and function scores at
numerous time-points out to 5 years compared to outliers4, sug-
gesting that the beneﬁt of computer navigation lies in the con-
sistency with which accurate anatomical alignment is achieved.
Emerging AOA National Joint Replacement Registry data supports
this theory with the most recent annual report identifying a
reduced rate of revision for patients aged less than 65 years un-
dergoing computer-guided TKA, speciﬁcally for loosening/lysis6.
Baseline characteristics common to predicting group mem-
bership of both “moderate” pain trajectory class and “low” func-
tion trajectory class included physical well-being and co-morbidity
proﬁle. In addition, advancing age, female sex and obesity were
predictors exclusive to membership of the “low” function trajec-
tory class and in contrast to pain; surgical technique did not play a
role in group membership for knee function. The issue of obesity
in the context of TKA is continually debated with regard to
Table III
Results of multivariable logistic regression models predicting membership in “Moderate Pain” KPS trajectory class, with reference group being “No Pain” and “Mild Pain” KPS
trajectory classes combined
Variable Model 1* Model 2y
OR 95% CI P OR 95% CI P
Female sex 1.54 0.96e2.49 .075 1.50 0.95e2.39 .083
Pre-surgery MCS (per 10 points) 0.63 0.51e0.78 <.001 0.65 0.54e0.79 <.001
Pre-surgery PCS (per 10 points) 0.48 0.30e0.76 .002 0.50 0.33e0.76 .001
Charlson Co-morbidity Index
0 REFz REFz
1 1.66 1.04e2.65 .034 1.70 1.07e2.69 .024
2 3.00 1.69e5.31 <.001 2.76 1.59e4.81 <.001
No e Computer navigation 2.07 0.93e4.61 .074 2.26 1.09e4.68 .028
Patellar resurfacing 0.90 0.52e1.56 .712
Prosthesis type
CR REF** REF***
PS 1.45 0.91e2.34 .119 1.31 0.94e2.05 .232
UC 3.23 0.02e10.21 .046 3.05 0.99e9.36 .051
Contralateral TKA 0.74 0.47e1.17 .199
Pre-surgery KPS
Mild (30e45) REFyy
Moderate (10e20) 2.13 0.54e8.39 .280
Severe (0) 1.92 0.49e7.52 .347
Pre-surgery KFS 1.00 0.99e1.02 .162
KeL classiﬁcation
2 REFzz
3 .056 0.21e1.52 .257
4 0.46 0.16e1.26 .132
* Adjusting for variables associated with trajectory class membership at P < .10 from univariable binary logistic regression models.
y Adjusting for variables associated with trajectory class membership at P < .10 in Model 1.
z Overall P-value <.001.
** Overall P-value ¼ .078.
yy Overall P-value ¼ .542.
zz Overall P-value ¼ .272.
*** Overall P-value ¼ .115.
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that improvements in patient-reported outcomes in patients un-
dergoing TKA are similar irrespective of BMI37, there is also
apposing evidence that obesity is associated with poorer outcome
in the short to mid-term29. As with our current study, when pain
and function are analysed separately, associations with obesity
and poor outcome to 5 years do emerge and this association is
speciﬁc to functional outcome19,29,34. As there is consistent evi-
dence that obese patients do not lose weight after surgery38,
weight loss interventions should be considered as part of the pre-
operative work-up with weight management continuing after
surgery.
The strengths of this study lie in the use of data from a large
clinical registry inclusive of all patients undergoing TKA during the
study time period with a comprehensive follow-up protocol and
low attrition. However, a potential weakness is the validity of the
KSS as a condition speciﬁc measure of joint pain which does not
differentiate pain severity from function-related pain and is tradi-
tionally completed by the surgeon. Despite these limitations, the
KSS has been shown to be more sensitive to detecting changes in
pain post TKA than generic health questionnaires such as the SF-
3639. To avoid surgeon bias pain and function components of the
KSS were completed by patients and entered onto a Registry by a
co-ordinator not involved in this study. Further latent class analysis,
allows the use of data of mixedmeasurement types, usesmaximum
likelihood estimation resulting in estimates nonbiased by data
missing at random and allows uncertainty in cluster assignment to
be accounted for by the provision of classiﬁcation probabilities for
each case. We also acknowledge the potential weakness inherent in
a single site study in terms of generalizability of our ﬁndings;
however as a designated centre for elective joint replacement
surgery we also note the similarity in demographic between ourcohort and a recent nationwide study of joint replacement inci-
dence40.Whilewe used random split-half sampling to assessmodel
validity, an independent sample would be a more robust approach
to assessing the generalizability of our ﬁndings. Our ﬁnding in
terms of the protective effect of computer-navigated surgery on
persistent pain represents non-randomised data which is suscep-
tible to confounding; however registry data do give an impression
of the applicability of clinical trial data in a “real world” setting.
Finally, it should be noted that as the prevalence of the “Moderate
pain” and “Low Function” trajectory classes was greater than 10%,
the odds ratios reported cannot be approximated to risk ratios and
should be interpreted as such, i.e., the ratio of the odds for trajec-
tory membership rather than ratio of the risk for trajectory
membership.
In summary we have used LCGA to identify speciﬁc patient
groups who suffer with persistent knee pain and poor function over
a 5 year time course after TKA. We have identiﬁed several strong
and potentially modiﬁable predictors of poor response to TKA,
namely, baseline co-morbidity, physical and mental well-being and
obesity. This provides important information for clinicians in terms
of informing patients of the expected course of longer term out-
comes of TKA. We also suggest that these data are useful for
informing the development of risk prediction algorithms that
identify patients inwhom there is a high likelihood of poor surgical
response and in doing so also identiﬁes our target group for testing
pre-surgery interventions in TKA.
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Table V
Results of multivariable logistic regression models predicting membership in “Low” KFS trajectory class, with reference group being “High” and “Moderate” KFS trajectory
classes combined
Variable Model 1* Model 2y
OR 95% CI P OR 95% CI P
Female sex 3.35 1.95e5.76 <.001 3.31 1.95e5.63 <.001
Age (per 10 years) 2.28 1.69e3.08 <.001 2.27 1.69e3.02 <.001
Pre-surgery KFS (per 20 points) 1.05 0.83e1.33 .681
Pre-surgery PCS (per 10 points) 0.49 0.32e0.74 .001 0.50 0.33e0.74 .001
Obesity category
BMI <30 kg/m2 REFz REFzz
BMI 30e<40 kg/m2 1.70 1.06e2.74 .028 1.69 1.05e2.72 .030
BMI 40 kg/m2 3.16 1.53e6.56 .002 3.12 1.55e6.27 .001
Charlson Comorbidity Index
0 REF** REF***
1 1.28 0.79e2.09 .320 1.26 0.78e2.04 .340
2 2.57 1.42e4.64 .002 2.50 1.41e4.42 .002
ASA score 3 0.97 0.62e1.52 .895
Rural residence 0.78 0.39e1.56 .489
Prosthesis type
CR REFyy REFyyy
PS 1.46 0.94e2.28 .095 1.46 0.94e2.28 .095
UC 2.95 0.87e10.05 .083 2.93 0.87e9.89 .002
* Adjusting for variables associated with trajectory class membership at P < .10 from univariate binary logistic regression analyses.
y Adjusting for variables associated with trajectory class membership at P < .10 in Model 1.
z Overall P-value ¼ .006.
** Overall P-value ¼ .008.
yy Overall P-value ¼ .090.
zz Overall P-value ¼ .004.
*** Overall P-value ¼ .007.
yyy Overall P-value ¼ .090.
Table IV
KFS trajectory class proﬁles across predictors of interest
Variable Overall (N ¼ 689) C1: High (N ¼ 164) C2: Moderate (N ¼ 376) C3: Low (N ¼ 149) P-value*
Female sex, [N (%)] 466 (67.6%) 84 (51.2%) 257 (68.4%) 125 (83.9%) <.001
Age, [mean (SD)] 70.5 (8.7) 68.5 (7.7) 70.0 (8.9) 74.1 (8.3) <.001
Obesity category, [N (%)] .011
BMI <30 kg/m2 261 (37.9%) 77 (47.0%) 143 (38.0%) 41 (27.5%)
BMI 30e<40 kg/m2 354 (51.4%) 76 (46.3%) 194 (51.6%) 84 (56.4%)
BMI 40 kg/m2 74 (10.7%) 11 (6.7%) 39 (10.4%) 24 (16.1%)
ASA score (3), [N (%)] 285 (41.4%) 54 (32.9%) 158 (42.0%) 73 (49.0%) .046
Charlson Comorbidity, [N (%)]
0 371 (53.9%) 104 (63.4%) 201 (53.5%) 66 (44.3%) .002
1 213 (30.9) 48 (29.3%) 118 (31.4%) 47 (31.5%)
2 105 (15.2%) 12 (7.3%) 57 (15.2) 36 (24.2%)
Smoker, [N (%)] .390
No 496 (72%) 115 (70.1%) 268 (71.3%) 113 (75.9%)
Ex 148 (21.5%) 39 (23.8%) 79 (21.0%) 30 (20.1%)
Current 45 (6.5%) 10 (6.1%) 29 (7.7%) 6 (4.0%)
Aetiology [N (%)] .797
Osteoarthritis 644 (93.5%) 153 (93.3%) 352 (93.6%) 139 (93.3%)
Rheumatoid arthritis 45 (6.5%) 11 (6.7%) 24 (6.4%) 10 (6.7%)
Pre-surgery KFS, [mean (SD)] 36.2 (19.5) 37.7 (19.4) 37.5 (19.7) 18.6 (48.8) .001
Pre-surgery KPS, [N (%)] .593
Mild (30e45) 34 (4.9%) 7 (4.3%) 22 (5.8%) 5 (3.3%)
Moderate (10e20) 218 (31.7%) 51 (31.1%) 121 (32.2%) 46 (30.9%)
Severe (0) 437 (63.4%) 106 (64.6%) 233 (62.0%) 98 (65.8%)
Pre-surgery MCS, [mean (SD)] 49.3 (11.5) 50.7 (10.9) 48.8 (12.0) 48.8 (10.6) .619
Pre-surgery PCS, [mean (SD)] 26.8 (6.1) 27.5 (5.9) 27.3 (6.3) 25.0 (5.8) <.001
KeL classiﬁcation, [N (%)] .503
2 23 (3.3%) 4 (2.4%) 12 (3.2%) 7 (4.7%)
3 341 (49.6%) 78 (47.6%) 193 (51.5%) 70 (47.0%)
4 324 (47.1%) 82 (50.0%) 170 (45.3%) 72 (48.3%)
SEIFA (1e10), [mean (SD)] 6.4 (2.6) 6.3 (2.4) 6.3 (2.6) 6.5 (2.7) .611
Rural residence, [N (%)] 93 (13.5%) 27 (16.5%) 52 (13.8%) 14 (19.4%) .088
Contralateral TKA, [N (%)] 245 (33.6%) 58 (34.4%) 132 (35.1%) 55 (36.9%) .744
Prosthesis stability, [N (%)] .057
Cruciate retaining 284 (41.2%) 75 (45.7%) 159 (42.3%) 50 (33.6%)
Posterior stabilizing 388 (56.3%) 87 (53.1%) 207 (55.1%) 94 (63.1%)
Ultra congruent 17 (2.5%) 2 (1.2%) 10 (2.7%) 5 (3.4%)
Patellar resurfacing, [N (%)] 206 (29.9%) 54 (32.9%) 112 (27.8%) 50 (26.9%) .351
No-computer navigation, [N (%)] 590 (85.6%) 138 (84.2%) 323 (85.9%) 129 (86.6%) .720
* P-value from binary logistic regression contrasting C3 (Low) to C1 (High) and C2 (Moderate) combined.
M.M. Dowsey et al. / Osteoarthritis and Cartilage 23 (2015) 2141e2149 2147
M.M. Dowsey et al. / Osteoarthritis and Cartilage 23 (2015) 2141e21492148Critical revision of the article for important intellectual content:
Dowsey, Smith, Choong.
Final approval of the article: Dowsey, Smith, Choong.
Provision of study materials or patients: Dowsey, Choong.
Statistical expertise: Dowsey, Smith.
Collection and assembly of data: Dowsey, Smith, Choong.
Declaration
Dr Dowsey had full access to all of the data in the study and
takes responsibility for the integrity of the work as a whole, from
inception to ﬁnished article e email: mmdowsey@unimelb.edu.au.
Funding source
Nil.
Conﬂict of interest statement
None of the authors have any ﬁnancial or personal relationships
with other people or organizations that could potentially and
inappropriately inﬂuence their work and conclusions.
1 Dr Dowsey and Prof Choong receive research support on amulti-
centre study funded by DePuy.
2 Dr Dowsey and Prof Choong receive research support on an
NHMRC funded study from Allergan.
3 Prof Choong received consultancy fees from DePuy for being
part of education faculties.
4 Prof Choong is part of a surgeon design team for which he re-
ceives consultancy fees from DePuy for time spent.
5 Prof Choong received royalties from Zimmer for tumour pros-
thesis design.
Acknowledgements
Dr Dowsey holds an NHMRC Early Career Australian Clinical
Fellowship (APP1035810).
Supplementary ﬁle
Supplementary ﬁle related to this article can be found at http://
dx.doi.org/10.1016/j.joca.2015.07.005.
References
1. Cushner F, Agnelli G, FitzGerald G, Warwick D. Complications
and functional outcomes after total hip arthroplasty and total
knee arthroplasty: results from the Global Orthopaedic Reg-
istry (GLORY). Am J Orthop 2010 Sep;39(Suppl 9):22e8.
2. Desmeules F, Dionne CE, Belzile EL, Bourbonnais R,
Champagne F, Fremont P. Determinants of pain, functional
limitations and health-related quality of life six months after
total knee arthroplasty: results from a prospective cohort
study. BMC Sports Sci Med Rehabil 2013;5:2.
3. Naylor JM, Harmer AR, Heard RC, Harris IA. Patterns of recovery
following knee and hip replacement in an Australian cohort.
Aust Health Rev Publ Aust Hosp Assoc 2009 Feb;33(1):124e35.
4. Huang NF, Dowsey MM, Ee E, Stoney JD, Babazadeh S,
Choong PF. Coronal alignment correlates with outcome after
total knee arthroplasty: ﬁve-year follow-up of a randomized
controlled trial. J Arthroplast 2012 Oct;27(9):1737e41.
5. Nilsdotter AK, Toksvig-Larsen S, Roos EM. A 5 year prospective
study of patient-relevant outcomes after total knee replace-
ment. Osteoarthritis Cartilage/OARS, Osteoarthr Res Soc 2009
May;17(5):601e6.6. AOA-NJRR. Australian Orthopaedic Association National Joint
Replacement Registry. Annual Report. Adelaide: AOA; 2014.
26/01/2014.
7. Bohm ER, Dunbar MJ, Bourne R. The Canadian joint replace-
ment registry-what have we learned? Acta Orthop 2010
Feb;81(1):119e21.
8. Smith MA, Smith WT. The American joint replacement regis-
try. Orthop Nurs 2012 SepeOct;31(5):296e9. quiz 300e1.
9. Price AJ, Longino D, Rees J, Rout R, Pandit H, Javaid K, et al. Are
pain and function better measures of outcome than revision
rates after TKR in the younger patient? Knee 2010 Jun;17(3):
196e9.
10. Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P.
What proportion of patients report long-term pain after total
hip or knee replacement for osteoarthritis? A systematic re-
view of prospective studies in unselected patients. BMJ Open
2012;2(1):e000435.
11. Singh JA, Lewallen DG. Medical and psychological comorbidity
predicts poor pain outcomes after total knee arthroplasty.
Rheumatology 2013 May;52(5):916e23.
12. Riddle DL, Perera RA, Stratford PW, Jiranek WA, Dumenci L.
Progressing toward, and recovering from, knee replacement
surgery: a ﬁve-year cohort study. Arthritis Rheum 2013
Dec;65(12):3304e13.
13. Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee
Society clinical rating system. Clin Orthop Relat Res 1989
Nov;248:13e4.
14. Ware Jr J, Kosinski M, Keller SD. A 12-item short-form health
survey: construction of scales and preliminary tests of reli-
ability and validity. Med Care 1996 Mar;34(3):220e33.
15. Bach CM, Nogler M, Steingruber IE, Ogon M, Wimmer C,
Gobel G, et al. Scoring systems in total knee arthroplasty. Clin
Orthop Relat Res 2002 Jun;399:184e96.
16. Davies AP. Rating systems for total knee replacement. Knee
2002 Dec;9(4):261e6.
17. Sanderson K, Andrews G. The SF-12 in the Australian popu-
lation: cross-validation of item selection. Aust N Z J Public
Health 2002 Aug;26(4):343e5.
18. Kellgren JH, Lawrence JS. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1957 Dec;16(4):494e502.
19. Dowsey MM, Nikpour M, Dieppe P, Choong PF. Associations
between pre-operative radiographic changes and outcomes
after total knee joint replacement for osteoarthritis. Osteoar-
thritis Cartilage/OARS, Osteoarthr Res Soc 2012 Oct;20(10):
1095e102.
20. Hall WH, Ramachandran R, Narayan S, Jani AB, Vijayakumar S.
An electronic application for rapidly calculating Charlson co-
morbidity score. BMC Cancer 2004 Dec 20;4:94.
21. Owens WD, Felts JA, Spitznagel Jr EL. ASA physical status
classiﬁcations: a study of consistency of ratings. Anesthesi-
ology 1978 Oct;49(4):239e43.
22. Dowsey MM, Nikpour M, Choong PF. Outcomes following large
joint arthroplasty: does socio-economic status matter? BMC
Musculoskelet Disord 2014;15:148.
23. Dowsey MM, Petterwood J, Lisik JP, Gunn J, Choong PF. Pro-
spective analysis of rural-urban differences in demographic
patterns and outcomes following total joint replacement. Aust
J Rural Health 2014 Oct;22(5):241e8.
24. Collins LM, Lanza ST. Latent Class and Latent Transition Anal-
ysis: With Applications in the Social Behavioural and Health
Sciences. Hoboken, New Jersey, USA: John Wiley & Sons Inc.;
2010.
25. Nagin D. Group-based Modeling Development. Cambridge,
MA: Harvard University Press; 2005.
M.M. Dowsey et al. / Osteoarthritis and Cartilage 23 (2015) 2141e2149 214926. Choong PF, Dowsey MM, Stoney JD. Does accurate anatomical
alignment result in better function and quality of life?
Comparing conventional and computer-assisted total knee
arthroplasty. J Arthroplast 2009 Jun;24(4):560e9.
27. Davis AM, Perruccio AV, Ibrahim S, Hogg-Johnson S, Wong R,
Streiner DL, et al. The trajectory of recovery and the inter-
relationships of symptoms, activity and participation in the
ﬁrst year following total hip and knee replacement. Osteoar-
thritis Cartilage/OARS, Osteoarthr Res Soc 2011 Dec;19(12):
1413e21.
28. Naylor J, Harmer A, Fransen M, Crosbie J, Innes L. Status of
physiotherapy rehabilitation after total knee replacement in
Australia. Physiother Res Int J Res Clin Phys Ther 2006
Mar;11(1):35e47.
29. Singh JA, O'Byrne M, Harmsen S, Lewallen D. Predictors of
moderate-severe functional limitation after primary Total
Knee Arthroplasty (TKA): 4701 TKAs at 2-years and 2935 TKAs
at 5-years. Osteoarthritis Cartilage/OARS, Osteoarthr Res Soc
2010 Apr;18(4):515e21.
30. Vissers MM, Bussmann JB, Verhaar JA, Busschbach JJ, Bierma-
Zeinstra SM, Reijman M. Psychological factors affecting the
outcome of total hip and knee arthroplasty: a systematic re-
view. Semin Arthritis Rheum 2012 Feb;41(4):576e88.
31. Alda M, Luciano JV, Andres E, Serrano-Blanco A, Rodero B, del
Hoyo YL, et al. Effectiveness of cognitive behaviour therapy for
the treatment of catastrophisation in patients with ﬁbromy-
algia: a randomised controlled trial. Arthritis Res Ther
2011;13(5):R173.
32. Nelson EA, Dowsey MM, Knowles SR, Castle DJ, Salzberg MR,
Monshat K, et al. Systematic review of the efﬁcacy of pre-
surgical mind-body based therapies on post-operative
outcome measures. Complement Ther Med 2013 Dec;21(6):
697e711.33. Dowsey MM, Castle DJ, Knowles SR, Monshat K, Salzberg MR,
Choong PF. The effect of mindfulness training prior to total
joint arthroplasty on post-operative pain and physical func-
tion: study protocol for a randomised controlled trial. Trials
2014;15:208.
34. Singh JA, Gabriel SE, Lewallen DG. Higher body mass index is
not associated with worse pain outcomes after primary or
revision total knee arthroplasty. J Arthroplast 2011 Apr;26(3).
366e374.e1.
35. Williams A, Dunning T, Manias E. Continuity of care and
general wellbeing of patients with comorbidities requiring
joint replacement. J Adv Nurs 2007 Feb;57(3):244e56.
36. Burnett RS, Barrack RL. Computer-assisted total knee arthro-
plasty is currently of no proven clinical beneﬁt: a systematic
review. Clin Orthop Relat Res 2013 Jan;471(1):264e76.
37. Baker P, Petheram T, Jameson S, Reed M, Gregg P, Deehan D.
The association between body mass index and the outcomes of
total knee arthroplasty. J Bone Joint Surg Am 2012 Aug
15;94(16):1501e8.
38. Dowsey MM, Liew D, Stoney JD, Choong PF. The impact of pre-
operative obesity on weight change and outcome in total knee
replacement: a prospective study of 529 consecutive patients.
J Bone Joint Surg Br 2010 Apr;92(4):513e20.
39. Lingard EA, Katz JN, Wright RJ, Wright EA, Sledge CB, Kinemax
Outcomes Group. Validity and responsiveness of the Knee
Society Clinical Rating System in comparison with the SF-36
and WOMAC. J Bone Joint Surg Am 2001 Dec;83-A(12):
1856e64.
40. Dixon T, Urquhart DM, Berry P, Bhatia K, Wang Y, Graves S,
et al. Variation in rates of hip and knee joint replacement in
Australia based on socio-economic status, geographical local-
ity, birthplace and indigenous status. ANZ J Surg 2011
Jan;81(1e2):26e31.
